We report 12 consecutive cases of vertical scapular osteotomy to correct Sprengel's deformity, performed during a 16-year period, with a mean follow-up of 10.4 years. The mean increase in abduction of the shoulder was 53˚. The cosmetic appearance improved by a mean of 1.5 levels on the Cavendish scale. Neither function nor cosmesis deteriorated with time. We recommend the procedure for correction of moderate deformities with a functional deficit.
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Sprengel's deformity is a rare congenital anomaly of the shoulder girdle. First described by Eulenberg in 1863, 1 it was later attributed to Sprengel who reported four cases in 1891. 2 The incidence and aetiology are unknown. Most cases occur sporadically, although there may be an autosomal dominant trait. 3 The deformity is due to a failure of descent of the scapula between the ninth and 12th weeks of intrauterine life. The scapula is originally located as a sagittally-orientated structure in the neck. It then migrates to a coronally aligned posterior thoracic position. Failure of descent leaves it in an elevated, malrotated position. The periscapular muscles are hypoplastic; fibrous bands tether the scapula to the chest wall and further limit rotation. The bone is small, broad and rotated with the inferior angle medialised and the glenoid directed caudally (Fig. 1) . The superior angle is attached to the cervical spine by an omovertebral bone or band in about 40% of cases. Associated abnormalities of the cervical spine are commonly found.
Affected children have two significant problems, cosmetic and functional. The clinical appearance (Fig. 2) has been classified in a practical way by Cavendish 4 (Table I ). This may be worsened by an associated Klippel-Feil syndrome producing a short neck. From a functional viewpoint, abduction of the shoulder is limited because of scapulothoracic stiffness and an inferiorly-rotated glenoid. Most children cannot abduct beyond 90˚.
A number of corrective operations have been described. The simplest is excision of the prominent superior angle. 4 At the other extreme, subtotal scapulectomy allows all the morphological abnormalities to be addressed with mobilisation of fibrotic muscles, redirection of the glenoid and excision of prominent bony elements. 5 No attempt is made to locate the scapula in its correct position. Among other options, one of two procedures is usually recommended. The first was described by Green 6 and Leibovic, Ehrlich and Zaleske 7 and involves mobilisation of the scapula, caudal displacement and attachment of the inferior angle to the sixth or seventh rib by a suture. Woodward 8 achieved a distal slide by dividing the long, sheet-like spinal origin of trapezius and rhomboids, relying on the soft tissues to maintain the caudal displacement and rotation.
9,10 Both seem to be effective but a major drawback is the poor cosmetic appearance of the long incision.
A further option is a vertical scapular osteotomy which was first described in 1914 by König, 11 as a case report in which he performed a medial vertical osteotomy allowing a 4 cm downward displacement. He fixed the body of the scapula in its new position by drilling a hole at its base, then looping a tube of latissimus dorsi through it and fixing it to itself. Later in the paper he considered this fixation was a mistake as it limited rotation of the bone and thus abduction of the arm. There were no further reports of the operation performed until that of Wilkinson and Campbell in 1980 . 12 We report our experience with the procedure.
Patients and Methods
We treated 12 children (eight girls) in two centres during a 16-year period (Table II) . All the operations were performed by the two senior authors (GCB, CB). The deformities were severe, most being Cavendish grade 3, with a high proportion having an omovertebral bar and structural abnormalities of the cervical spine. Operative technique. The patient is semi-prone with the affected limb draped freely to allow movement of the arm and manipulation of the scapula. A vertical incision, 2 to 3 cm lateral to the spinous processes, is deepened through the fascia of the infraspinatus. This is split and the periosteum overlying the scapula is reflected. The line of osteotomy, about 1 cm from the vertebral border, is marked with an osteotome. Offset holes are drilled into the scapula, adjacent to the line of the proposed osteotomy (Fig. 3) . Their distance apart is dictated by the desired amount of displacement. The osteotomy is performed with an osteotome. Towel clips are placed on the distal end of the medial fragment and this is pulled down to put tension on the proximal structures. Using blunt dissection, the omovertebral bone, if present, is dissected extraperiosteally and removed. The towel clip is transferred to the lateral fragment which is lifted slightly. This permits blunt dissection between the Fig. 1 The radiological appearance of Sprengel's deformity. Fig. 2 The clinical appearance. There was a palpable omovertebral bar as marked.
scapula and the chest wall. Any fibrous bands are palpated and divided. Both fragments are then quite mobile and can be realigned. A non-absorbable suture is passed through each hole and secured. The wound is closed in layers, the skin with subcuticular sutures. A collar and cuff sling and pressure bandage are applied. The latter is removed five or six days later and mobilisation in the sling allowed. Active and passive movements are gradually increased.
Results
The mean follow-up was 10.4 years (1 to 17; Table III) . Eleven children had a good clinical outcome (Fig. 4) . Cosmetically, all improved by at least one Cavendish grade and half improved by two. Seven children were grade 1 postoperatively with the deformity invisible when dressed. In terms of function, the mean abduction pre-operatively was 88˚ (70˚ to 180˚) and post-operatively 132˚ (50˚ to 180˚). Excluding the case which was performed purely for cosmetic reasons and another with an incompletely resolved obstetric brachial plexus palsy, the mean improvement in abduction was 53˚.
Only one complication occurred. A five-year-old girl with an incompletely resolved obstetric brachial palsy preoperatively (weakness and limitation of external rotation and abduction) had a recurrence of the upper plexus palsy post-operatively. This resulted in early limitation of scapular movement. The weakness did not recover but cosmetically her result was good.
Discussion
We feel the good results of vertical scapular osteotomy which were reported in 12 children by Wilkinson and Campbell 12 are confirmed. The operation is technically straightforward. All wounds healed with a good cosmetic appearance. The other popular alternatives involve large paravertebral scars, which are prone to keloid.
Correction of the scapular asymmetry is predictable, with the moderately affected group improving to nearly normal. Shortening of the shoulder girdle persisted in all. The final appearance is dictated by the pre-operative state. Children with marked brevicollis do not do well and we counsel against operative treatment in such cases.
Functionally, the improvement of abduction was excellent, with overhead activities possible in all except the patient with recurrence of brachial palsy. Early postoperative mobilisation is important to restore movement before adhesions form. There was no loss of movement with time. Neurological complications have been reported with other procedures. The best prevention would appear to be avoidance of excessive correction. We were unwise to operate on the child with the obstetric brachial palsy.
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